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(54) Method of molding a resin-covered article 

(57) In a method of molding a resin-covered article 
in which an annular metallic member (2) is integrally f it- 
ted to the inner periphery of an annular resin body (1) 
simultaneously with the molding of the resin body (1), a 
dummy boss shaft (5) closes the inner periphery and a 
lateral side of the metallic member (2). With the cavity 
molds (3, 4) closed, an annular film gate (G) is formed, 
by a flange (52) of the dummy boss shaft (5) and a cavity 
mold (C), in the vicinity of the outer peripheral edge of 
an end surface of the metallic member (2). The cavity (C) 
is charged with molten resin through the film gate (G). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of molding 
a resin-covered article composed of an annular resin 
body and an annular metallic member integrally fitted to 
the inner periphery of the resin body, such as a guide 
roller in a delivery system, a resin pulley for guiding a belt 
or the like. 

As a resin-covered article, for example, a belt guid- 
ing pulley such as a crank pulley for an automobile, there 
has conventionally been proposed a pulley comprising 
(i) an annular resin body (pulley body) provided on the 
outer periphery thereof with a belt guiding surface and 
(10 a metallic member such as a rolling bearing, a metallic 
hub or the like Integrally fitted to the inner periphery of 
the resin body. 

Such a pulley is made by a so-called insert molding 
method in which a metallic member is integrally fitted to 
a resin body simultaneously with the molding of the resin 
body by Injection molding. As a gate method in the injec- 
tion molding, there is employed a side gate method or a 
pinpoint gate method excellent In productivity 

In the pulley above-mentioned, the inner portion is 
made of the metallic mennber and the outer peripheral 
portion is made of the resin body Accordingly, when the 
ambient temperature varies with the pulley mounted on 
an automobile or the like, there is generated an internal 
stress in the resin body due to a difference in coefficient 
of thermal expansion between the metallic and the resin 
body. In the pinpoint gate method or the side gate 
method above-mentioned, such an internal stress Is con- 
centrated on the gate marks of the resin body Thus, the 
gate mark portions are disadvantageously liable to be 
cracked. 

Further, molten resin supplied in the cavity through 
the gates, is concentrically expanded around the gates. 
Thus, molten resins expanded after supplied through two 
adjacent gates, interfere with each other at the Interface 
of these molten resins. This prevents the molten resins 
from smoothly flowing. This results in formation, at the 
outer periphery of the pulley, of a ripple containing micro- 
scopic Irregularities In number identical with the gate 
number (See Fig. 4). This fails to provide the pulley with 
a good roundness. 

^ Dependent on a gate balance, an interna! stress 
directed toward the pulley center is generated at the 
innerperlphery of the resin body Such an internal stress 
deteriorates the roundness of a roiling bearing as the 
metallic member or reduces the radial gap therein. This 
disadvantageously exerts adverse effects on the per- 
formance of the rolling bearing. 

In view of the foregoing, it may be proposed to carry 
out a compression molding after the capacity of a resin 
body has previously been measured and an accurate 
amount of molten resin has been supplied into the cavity, 
or to carry out an injection molding in which the respec- 
tive molding tools are individually charged with molten 



resin. However, either proposal is low in productivity to 
increase the cost and therefore cannot be put in practical 
use. 

5 OBJECT AND SUMMARY OF THE INVgNmr>M 

It is an object of the present invention to provide a 
method of molding a resin-covered article which is hardly 
cracked in the resin body even though the ambient tem- 
10 perature varies while the resin-covered article Is under 
use. 

It Is another object of the present invention to provide 
a method of molding a resin-covered article capable of 
enhancing the roundness of the outer periphery of the 
15 resin body. 

It is a further object of the present Invention to pro- 
vide a method of molding a resin-covered article having 
no possibility of the resin body exerting adverse effects 
on the dimensional precision, performance or the like of 

20 the metallic member. 

In carrying out our invention in one preferred mode, 
the present invention provides a method of molding a 
resin-covered article in which an annular metallic mem- 
ber is integrally fitted to the inner periphery of an annular 

25 resin body simultaneously with the molding of the resin 
body, and this method comprises the steps of: (i) fitting, 
to the inner periphery of a metallic member, the outer 
periphery of a shaft portion of a dummy boss shaft pro- 
vided at one end of the shaft portion thereof with a flange 

30 having an outer diameter smaller than the outer diameter 
of the metallic member, and disposing a lateral side of 
the flange along an end surface of the metallic member; 
and (11) charging a cavity with molten resin through an 
annular film gate which is formed, by the flange of the 

35 dummy boss shaft and a cavity mold, along and in the 
vicinity of the outer peripheral edge of the end surface of 
the metallic member, and of which outer diameter Is 
smaller than the outer diameter of the metallic member. 
According to the method of molding a resin-covered 

40 article above-mentioned, the cavity is charged with mol- 
ten resin through the annular film gate formed along and 
in the vicinity of the outer peripheral edge of the end sur- 
face of the metallic member. Thus, the gate mark formed 
on the inner periphery of the resin body is annular. With 

45 variations of the ambient temperature of the resin-cov- 
ered article under use, there is produced a difference in 
thermal expansion between the metallic member and the 
resin body, thereby to generate an internal stress in the 
resin body. According to the present invention, it is pos- 

50 sible to prevent such an internal stress from intensively 
acting on the gate mark. This results In prevention of the 
occurrence of a crack at the gate mark portion. 

Further, molten resin can uniformly be supplied into 
the cavity from the entire circumference of the resin body 

55 at the inner peripheral side thereof. Accordingly, the resin 
body can uniformly be formed with high precision In Its 
entirety In particular, since a ripple Is not produced in 
the resin body as done in a conventional multi-point gate 
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method, the resin body can be provided at the outer 
periphery thereof with good roundness. 

According to thef ilm gate method above-mentioned, 
it is possible to restrain the occurrence of a residual 
stress at the inner periphery of the resin body after 
molded. Therefore, no adverse effect may be exerted on 
the dimensional precision, performance and the like of 
the metallic member such as a rolling bearing. 

In the method of molding a resin-covered article 
above-mentioned, the film gate is preferably formed in 
the vicinity of the end surface of the metallic member at 
the outer peripheral side thereof. According to this mode, 
the gate mark is put on the Inner peripheral surface of 
the resin body at a position thereof in the vicinity of the 
end surface of the metallic member. More specifically, 
the gate mark is put at a position separated from the posi- 
tion where the metallic member and the resin body are 
relatively pressed due to a difference In thermal expan- 
sion between the metallic member and the resin body. 
This makes it difficult that an internal stress generated 
In the resin body due to thermal contraction of the resin 
body when used at a low temperature, acts on the gate 
mark. This results In effective prevention of the occur- 
rence of a crack at the gate mark portion even though 
the ambient temperature is low and the resin body is 
remarkably thermally contracted. 

Preferably, the film gate is formed at a position which 
is in the vicinity of the end surface of the metallic member 
at the outer peripheral side thereof and which corre- 
sponds to the smallest-inner-diameter portion of the 
Inner periphery of the resin body. Such an arrangement 
prevents the molten resin from entering the contact por- 
tion where the flange of the dummy boss shaft and the 
end surface of the metallic member come in contact with 
each other. This enables the resin body to be molded in 
an accurate configuration. More specifically, if the film 
gate is formed at a position outside ("above" on Fig. 8) 
of the portion which corresponds to the smallest-inner- 
diameter portion of the inner periphery of the resin body, 
this means that a step portion is formed at the outer 
periphery of the flange of the dummy boss shaft as 
shown in Fig. 8. Accordingly, the pressure of the molten 
resin entering the gap between the end surface of this 
step portion and the end surface of the metallic member, 
separates the flange from the end surface of the metallic 
member. This causes the molten resin to enter this gap, 
thus failing to form the resin body in an accurate config- 
uration. On the other hand, when the film gate is formed 
at the position which corresponds to the smallest-inner- 
diameter portion of the inner periphery of the resin body, 
no step portion Is formed at the outer periphery of the 
flange. Thus, there is no possibility of the flange being 
separated from the end surface of the metallic member 
by the pressure of the molten resin. Accordingly, the resin 
body can be formed in an accurate configuration. 

Preferably, the axis of the dummy boss shaft Is 
located on a virtual extension line of the axis of a spool 
and an injection molding nozzle. According to this mode 
above-merrtioned, the molten resin can more uniformly 



be supplied into the cavity from the entire circumference 
of the film gate. This enables a resulting resin pulley to 

. . be more uniformly formed with high precision. 

Preferably, the molten resin Is guided to thef ilm gate 

5 along a spherical surface formed at the flange of the 
dummy boss shaft. According to this mode, the molten 
resin can be guided to the film gate very smoothly such 
that the molten resin can much more uniformly be sup- 
plied to the cavity. Thus, a resultant resin pulley can much 

10 more uniformly be formed with high precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a section view of main portions of a molding 
15 apparatus used in the practice of a method of mold- 
ing a resin-covered article according to the present 
Invention; 

Rg. 2 is a front view of main portions of a resin pulley 
molded by applying the present invention; 
20 Rg. 3 Is a graph showing the results of measurement 
of the roundness of a resin pulley mokJed by apply- 
ing the present Invention; 

Rg. 4 Is a graph showing the results of measurement 
of the roundness of a resin pulley molded by;a con- 

25 ventional molding method; 

Rg. 5 is a section view of main portions of another 
example of the gate position; 
Rg. 6 is a section view of main portions of a further 
example of the gate position; 

30 Rg. 7 is a section view of main portions of still 
another example of the gate position; 
Rg. 8 Is a section view of main portions of a com- 
parative example of the gate position; 
Rg. 9 is a section view of main portions of another 

35 embodiment of the present invention; and 

Fig. 1 0 is a section view of main portions of a further 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 

The following description will discuss in detail the 
present invention with reference to attached drawings 
showing preferred embodiments thereof. 

45 Fig. 2 is a front view of main portions of a resin pulley 
A as a resin-covered article to which the present Inven- 
tion Is applied. The resin pulley A comprises an annular 
resin body 1 and a rolling bearing 2 as a metallic member 
integrally fitted to the inner periphery, of the resin body 

50 1 . The resin body 1 is provided at the outer peripheral 
side thereof with an outer peripheral cylindrical portion 
1 1 which is provided at the outer periphery thereof with 
a belt guide surface 1 1 a. The resin body 1 Is provided at 
the inner peripheral side thereof with an inner peripheral 

55 cylindrical portion 12 to which secured Is the outer 
periphery of an outer ring 21 of. the rolling bearing 2. 
Formed between the outer peripheral cylindrical portion 
1 1 and the inner peripheral cylindrical portion 12 is a cir- 
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cutar plate 13 having a plurality of radially extending ribs 
14. 

Fig. 1 Is a section view of main portions of the mold- 
ing unit B of an injection molding apparatus to be used 
for embodying the present invention. This molding unit B s 
comprises a pair of cavity molds 3, 4 forming a cavity C 
a dummy boss shaft 5 disposed in the cavity C and a 
nozzle 6 for injecting molten resin. 

A spool S is disposed in one cavity mold 3 out of the 
pair of cavity molds 3. 4. The nozzle 6 is connected to lo 
the spool S. A concave portion 31 having a spherical sur- 
face Is formed in the cavity mold 3 at the Innermost part 
thereof which communicates with the spool S. 

The dummy boss shafts has a column-like shaft por- 
tion 51 to be fitted to the inner periphery of an inner ring is 
22 of the rolling bearing 2, and a flange 52 to be disposed 
along an end surface of the rolling bearing 2. The flange 
52 has an outer diameter larger than the outer diameter 
of the shaft portion 51 and smaller than the outer diam- 
eter of the outer ring 21 of the rolling bearing 2. The 20 
flange 52 is provided at one lateral side thereof with a 
flat surface 52a at a right angle to the axis of the shaft 
portion 51 . The flange 52 is provided at the other lateral 
side thereof with a spherical surface 52b. The outer 
peripheral edge of the flat surface 52a comes in close 25 
contact with the end surface of the outer ring 21 of the 
rolling bearing 2, such that the end surface of the rolling 
bearing 2 is hermetically sealed. 

The dummy boss shaft 5 is disposed such that the 
axis LI thereof is located on a virtual extension line of 30 
the axis L2 of the spool S and the nozzle 6. Thus, the 
flange 52 is disposed in the concave portion 31 of the 
cavity mold 3 with a predetermined gap provided there- 
between. The gap between the spherical surface 52b of 
the flange 52 and the concave portion 31 Js formed as 35 
a runner ft which communicates with the spool S. The 
gap between the outer peripheral edge of the spherical 
surface 52b and the opening edge of the concave portion 
31JsfbrmedasanannularfilmgateG. In Fig. I.thefilm 
gate Q is formed as coming in contact with the outer 40 
periphery of the end surface of the outer ring 21 of the 
rolling bearing 2. The film gate G has an outer diameter 
smaller than the outer diameter of the outer ring 21 . 

To mold a resin pulley A with the molding unit B hav- 
ing the arrangement above-mentioned, the inner periph- 45 
ery of the inner ring 22 of the rolling bearing 2 is fitted to 
a core portion 41 of the cavity mold 4 with the molds 
opened. Then, the shaft portion 51 of the dummy boss 
shaft 5 is fitted to the inner periphery of the inner ring 22, 
and the flat surface 52a of the flange 52 is disposed along so 
the end surface of the outer ring 21 of the rolling bearing 
2. Then, the molds are closed and molten resin is 
injected through the nozzle 6. When Introduced into the 
runner R through the spool S, the molten resin is con- 
centrically spread and supplied into the cavity C through ss 
the annular film gate G. The dummy boss shaft 5 
restrains the molten resin from entering the space 
defined by the inner periphery of the rolling bearing 2 
and the gap between the inner ring 22 and the outer ring 
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21 thereof. Further, the dummy tx)ss shaft 5 is adhered 
to the rolling bearing 2 by an injection pressure. This 
eliminates the need for disposing means for adhering the 
dummy boss shaft 5 to the rolling bearing 2. 

Upon completion of molding, the molds are opened 
and the rolling bearing 2 is pushed, at the end surface 
thereof for example, by an ejector pin (not shown) such 
that the resin pulley A together with the dummy boss 
shaft 5 is released from the cavity mold 4. It is noted that 
the dummy boss shaft 5 may repeatedly be used as 
removed from the resin pulley A thus released from the 
mold 4. 

As discussed in the foregoing, when molding the 
resin pulley A, the cavity C Is charged with molten resin 
through the annular film gate G. Accordingly, a gate mark 
is put on the resin body 1 in the form of an annular con- 
tinuous stripe along the Inner peripheral surface of the 
inner peripheral cylindrical portion 12. Thus, even though 
an internal stress acts on the gate mark due to a differ- 
ence in thermal expansion between the rolling bearing 2 
and the resin txxJy 1 . there is no possibility of the internal 
stress intensively acting on the specific gate mark por- 
tion. In the conventional point-like gate marks, the inter- 
nal stress intensively acts on such gate marks. In the 
annular gate markabove-merrtioned, however, the inter- 
nal stress acts as dispersed on the gate mark portion in 
its entirety. This prevents the occurrence of a crack at the 
gate mark portion due to stress concentration. 

Further, the film gate G is formed as coming in con- 
tact with the end surface of the outer ring 21 of the rolling 
bearing 2. Accordingly, the gate mark on the resin pulley 
A is put on the inner periphery of the resin txxiy 1 at a 
position thereof which comes in contact with the end sur- 
face of the rolling bearing 2. Therefore, the position of 
the gate mark is shifted from the position where the roll- 
ing bearing 2 and the resin tKxIy 1 are relatively pressed 
due to a difference in thermal expansion between the 
rolling bearing 2 and the resin fcxxly 1 . This makes it dif- 
ficult that an internal stress generated In the resin body 

I due to a difference in thermal expansion, acts on the 
gate mark. This results in effective prevention of the 
occurrence of a crack at the gate mark portion even 
though the ambient temperature is low, i.e.. even though 
the resin body 1 is great in low-temperature contraction. 

Further, molten resin can be supplied into the cavity 
C from the side of the inner peripheral cylindrical portion 
12 of the resin body 1 uniformly along the entire circum- 
ference thereof. Thus, the entire resin body 1 can uni- 
formly be molded with high precision. In particular, since 
the resin supplied into the cavity C can smoothly flow, 
the roundness of the outer peripheral cylindrical portion 

I I of the resin body 1 can be enhanced. 

Fig. 3 is a graph showing the results of measurement 
of the roundness of the outer peripheral surfece of a resin 
pulley molded by thefilm gate method above-mentioned. 
Fig, 4 is a graph showing the results of measurement of 
the roundness of the outer peripheral surface of a resin 
pulley molded by a conventional pin-point gate method. 
Each resin pulley subjected to the measurement was 
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made of a nylon resin and had an outer diameter of 
96mm. In the pinpoint gate method, the number of the 
gates was 19. 

In Figs. 3 and^4. the roundness of the resin pulley 
made by the film gate method was 40 \im, while the s 
roundness of the resin pulley made by the pinpoint gate 
method was 1 00 ^m. Thus, it can be understood that the 
film gate method considerably enhances the roundness 
as compared with the pinpoint gate method. Further, the 
pinpoint gate method produced a ripple including irreg- 
ularities in number equal to the gate number, but the film 
gate method produced no such a ripple. 

Further, the film gate method can restrain the inter- 
nal stress from remaining in the inner peripheral cylindri- 
cal portion 1 2 of the resin body 1 . This not only prevents 
the roundness of the rolling bearing 2 from being deteri- 
orated, but also prevents the radial gap from being 
reduced. 

Further, the axis L1 of the dumniy boss shaft 5 is 
located on a virtual extension line of the axis L2 of the 
spool S arxj the injection molding nozzle 6, and molten 
resin can be guided into the film gate Q along the spher- 
ical surface 52b of the flange 52 of the dummy boss shaft 
5. Thus, the molten resin can be guided to the film gate 
G very smoothly. Therefore, the molten resin can further 
uniformly be supplied into the cavity C. As a result, the 
resin body 1 can further be uniformly molded with high 
precision in its entirety. 

According to the molding method above-mentioned, 
the gate portion of the resin pulley A can be cut when 
the resin pulley A is released from the mold. Advanta- 
geously, this not only eliminates the need for a gate treat- 
ment, but also minimizes a wasteful resin at the spool S 
and the runner R. 

Figs. 5. 6, 7 show the other examples of the film gate 
Q. The film gate G in Fig. 1 is formed outside of the outer 
peripheral edge of the flange 52 of the dummy boss shaft 
5 and between the end surface of the outer ring 21 of the 
rolling bearing 2 and the cavity mold 3. However, the film 
gate G in each of Figs. 5 and 6 is formed between the 
outer periphery of the lateral side of the flange 52 and 
the cavity mold 3. The film gates G in Figs. 5 and 6 are 
different in the following point. The film gate G in Fig. 5 
is located in the inner peripheral cylindrical portion 12 of 
the resin body 1 at the intermediate portion of the inner 
peripheral surface of a flange 1 2a which covers a portion 
of the end surface of the outer ring 21 . On the other hand, 
thef ilm gate G in Fig. 6 is located at an end comer portion ^ 
of the inner peripheral surface of the flange 1 2a. The film 
gate G in Fig. 7 is formed between the outer peripheral 
surface of the flange 52 of the dummy boss shaft 5 and 
the cavity mold 3 such that molten resin is axially injected 
irrto the cavity C. 

As far as the film gate G is formed at a position cor- 
responding to the smallest-diameter portion of the cavity 
C to be charged with molten resin, no inconvenience 
occurs in molding. It is now supposed that, as shown in 
Fig. 8. a step portion 52c is formed at the outer periphery 
of the flange 52 of the dummy boss shaft 5 and the film 



gate Q is formed outside of the smallest-diameter portion 
of the flange 12a of the resin body 1. In tiiis case, the 
injection pressure of molten resin acts on a lateral side 
of the step portion 52c of the dummy boss shaft 5 such 
that the flange 52 is liable to be separated from the outer 
ring 21 . This forms a gap between the flange 52 and the 
outer ring 21 , and molten resin flows in this gap. This fails 
to mold the resin body 1 in an accurate configuration. 
However, as far as the film gate G is formed at the posi- 
tion which corresponds to the smallest-diameter portion 
of the cavity C to be charged with molten resin or which 
corresponds to the smallest-inner-diameter portion of 
the resin body 1 , the inconvenience above-mentioned 
does not occur. 

The method of molding a resin-covered article of the 
present invention is not limited to the embodiment above- 
mentioned, but a variety of modifications may be made. 
For example, an ejector pin 7 may be disposed as pass- 
ing tiirough the center of the dummy boss shaft 5 and, 
together with the resin pulley A. the resin at each of the 
spool S and the runner R may be released from the mold 
(See Fig. 9). Further, another metallic menfiber such as 
a metallic hub 8 or the like may be inserted instead of 
the rolling bearing 2 (See Fig. 10). Further, with the shaft 
portion 51 of the dummy boss shaft 5 fitted to-,the inner 
periphery of the metallic member, the dummy boss shaft 
5 and the metallic member may be disposed in the cavity 
G- 

Further, as the resin to be used in the practice of the 
present invention, a variety of synthetic resins may. be 
used as far as they can be injection -molded. Instead of 
a synthetic resin, a synthetic rubber or tiie like may also 
be used. 

Thus, the present invention may be embodied in 
other various forms without departing from the spirit or 
essential characteristics thereof. The embodiments 
above-mentioned are therefore considered in all 
respects as illustrative and the present invention is not 
to be construed in a resti-icted sense as limited to these 
specific embodiments. 

Claims 

1 . A method of molding a resin-covered article in which 
an annular metallic member (2) is integrally fitted to 
the inner periphery of an annular resin body (1) 
simultaneously with the molding of the resin body 
(1). comprising the following steps: 

fitting, to the inner periphery of the metallic 
member (2), the outer periphery of a shaft por- 
tion (51) of a dummy boss shaft (5) provided at 
one end of the shaft portion (51 ) thereof with a 
flange (52) having an outer diameter smaller 
than the outer diameter of the metallic member 
(2), and disposing a lateral side of the flange 
(52) along an end surface of the metallic mem- 
ber (2); and 



15 



20 



25 



30 



35 



40 



45 



SO 



5 



0712708A1 I > 



EP 0 712 708 A1 



charging a cavity (C) with molten resin through 
an annular film gate (G) which is formed, by the 
flange (52) of the dummy boss shaft (5) and a 
cavity mold (3,4), along and in the vicinity of the 
outer peripheral edge of the end surface of the 5 
metallic member (2). and of which the outer 
diameter is smaller than the outer diameter of 
the metallic member (2). 



2. The method according to claim 1 . 10 
wherein the film gate (G) is formed in the vicinity of 
the end surface of the metallic member (2) at the 
outer peripheral side thereof. 

3. The method according to claim 1 or 2. 15 
wherein the film gate (G) is formed as corresponding 

to the smallest-inner <liameter portion of the Inner 
periphery of the resin body (1). 

4. The method according to any of claims 1 to 3. 20 
wherein the axis (L1) of the dummy boss shaft (5) is 
located on a virtual extension line of the axis (L2) of 

a spool (S) and an injection molding nozzle (6). 

5. The method according to any of claims 1 to 4, 25 
wherein the molten resin Is guided to the film gate 
(G) along a spherical surface (52b) formed at the 
flange (52) of the dummy boss shaft (5). 



6. The method according to any of claims 1 to 5. 30 
wherein after the outer periphery off the shaft portion 
(51) of the dummy boss shaft (5) has been fitted to 
the inner periphery of the metallic member (2). the 
dummy boss shaft (5) and the metallic memk^er (2) 
are disposed in the cavity (C). 35 

7. The method according to any of claims 1 to 6, 
wherein after the metallic member (2) has been dis- 
posed in the cavity (C). the outer periphery of the 
shaft portion (51 ) of the dummy boss shaft (5) is fit- 40 
ted to the inner periphery of the metallic menriber (2). 



8. The method according to any of claims 1 to 7, 
wherein the metallic member (2) is a rolling bearing. 

45 
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